Purpose-We had previously demonstrated that there is familial aggregation of JIA. Using a large JIA cohort, we sought to find additional JIA case-clusters and to calculate robust estimates of relative risks (RR) for siblings and cousins of JIA probands, and to estimate the population attributable risk (PAR) of familial factors in JIA.
families. Identification of extended multiplex families might facilitate linkage studies to identify other genetic factors that play a role in susceptibility to JIA.
While affected twin and sibling pairs with JIA have been described, there are very few reports of extended multiplex families with JIA. One of the measures of the magnitude of genetic contribution to disease susceptibility is the relative risk (RR) to siblings and other relatives of probands with JIA, compared with that for the general population. Only three estimates of RR for siblings of JIA probands have been published, with values ranging from 15 to 30. (1, 3, 4) Besides RR for siblings and twins, there have been no published reports of RR for other classes of relatives such as cousins. Earlier we demonstrated that there was familial aggregation of JIA.(3) Using a larger cohort of JIA we sought to 1) identify additional extended multiplex JIA pedigrees, 2) provide robust estimates of RR of JIA for siblings and cousins of probands with JIA and 3) calculate the population attributable risk (PAR) of familial factors in JIA.
Methods
This study was approved by the University of Utah IRB and the administrative body for the Utah Population Database (UPDB), the Utah Resource for Genetic and Epidemiological Research. This is a population based study using data from the UPDB, which includes data from several sources, including the Family History Library maintained by the Church of Jesus Christ of Latter-day Saints, vital records from Utah State Department of Health, and other statewide data sets. The resources in UPDB include family history data for approximately ~7 million individuals, representing pedigrees spanning as many as 11 generations. (5) The majority of families living in Utah are represented in this database, with a special emphasis on genealogical records of the founders of Utah and their descendants.
Cases were 862 children with JIA in the Intermountain States Database of Childhood Rheumatic Diseases (ISDCRD), a database that contains clinical and demographic information for subjects with JIA seen in the pediatric Rheumatology Clinics at the University of Utah. All patients had been examined by one of three pediatric rheumatologists, and patients were diagnosed with JIA according to the ILAR criteria (6) . There were 405 children with oligoarticular JIA, 161 with rheumatoid factor (RF)-negative polyarticular JIA, 108 with enthesitis-related arthritis, 77 with systemic JIA, 53 with RFpositive polyarticular JIA, 8 with psoriatic JIA and 50 with undifferentiated JIA. A majority (67%) of the subjects were female. The mean age of onset of JIA was 6.8 years. For each case, 5 controls matched by birth year and gender were randomly selected from the UPDB.
Probabilistic record-linking was performed by matching records in the ISDCRD with records of individuals in the UPDB, as previously described. (3, 7) The goal of the recordlinking was to determine if the individuals in the ISDCRD were also in the UPDB. This was accomplished by using patient's identifiers to match data present in the UPDB (for example, to match to their birth certificate). Once records were linked, specialized software, Kinship Analysis Tools(KAT; University of Utah Salt Lake City, UT), was used to estimate the following measures of familial risk.(8)
Familial Standardized Incidence Ratio (FSIR)
The FSIR permits the quantification of a person's familial risk of disease, and it takes into account the number of biological relatives, degree of relatedness to the proband, and persontime at risk among family members.(8) FSIR is calculated by tabulating the observed and expected numbers of cases of disease among all relatives of an individual, weighting the contribution of each relative by the probability that the relative shares an allele with the subject by common descent. FSIR computes a similar familial risk as Familial Risk (FR: used in our 2004 paper) but is further refined by stratifying the incidence calculations on age and sex.
Pedigree p-values
The KAT was used to find families with excess JIA. The probability of a family having some observed number of cases (x) under the null hypothesis of no familial disease aggregation is the Poisson probability of X>x, given an expected number, μ.
Population attributable risk (PAR)
PAR was calculated using a conditional logistic regression method as described previously. (9) First, a conditional logistic regression model is used to predict relative risk as a function of FSIR. The FSIR was modified using an empirical Bayes' adjustment for measurement error.(10) From this model, individual probabilities of causation (PAC) for each case are computed, where PAC = (RR−1)/RR, where RR is the relative risk estimated from the model for the observed level of FSIR. The PAR is calculated as the mean PAC across all the cases.
Relative risks
RRs for siblings, first cousins, and second cousins of the cases and controls were also calculated using unconditional logistic regression, following the method described by Bai et al. (11) 
Results
All of the 862 probands could be linked to the UPDB since they had at least one record in the UPDB. However, 94 probands (11%) did not have familial records and therefore were not used for further analysis. Using the KAT, we identified 22 founders with families that had 5 to 13 affected descendants, and pedigree sizes ranging from 2058 to 21,517 descendants ( Table 1) . Founders are the earliest generation in the database, i.e., they do not have ancestral genealogical relationships in the UPDB. These 22 ancestors had significantly more descendants with JIA than expected (5-13 descendants; p <0.0001 to <0.008), (Table  1 ). There were 84 affected descendants in the 22 founder families. in A proband may appear as a descendant of more than one founder; descendants with JIA number 141. The mean FSIR in these families was 4.64 (2.48-9.51; p <0.01) suggesting that members in these families had over a fourfold higher clustering of JIA than would expected by a uniform distribution. An example of a large family cluster is shown in figure 1 .
The case-control analysis was used to calculate the PAR. Using the Bayes adjusted PAR, the risk for JIA attributable to familial factors was ~13% (95 % CI 9-17%). The RRs for each kinship class were computed using conditional logistic regression. The RR for siblings of JIA probands was significantly elevated compared to controls (11.6; 4.9-27.5; p <3×10 −8 ) ( Table 2 ). The RR for first-cousins was also elevated compared to controls. (5.82; 2.5-13.8; p 6 ×10 −5 ). The RR for second-cousins was not significantly elevated compared to controls (1.05; ns). There were 63 individuals with JIA among >50,000 siblings, first and second cousins of healthy controls, yielding a prevalence of 1.2/1000 for JIA ( Table 2) .
We repeated the analyses with common JIA subtypes. For oligoarticular JIA the PAR was 10 % (7-13%), and that for polyarticular JIA was 6 % (2-9%). When we repeated the conditional logistic regression analysis after stratifying by JIA subtype, the RR for siblings of probands with oligoarticular JIA was statistically significantly elevated compared to controls (RR 22.6; 5.3-95.8; p 2.37 × 10 −5 ). The RR for first cousins was non-significantly elevated compared to controls (RR 3.03; 0.64-14.3; p ns). The small sample sizes of siblings and cousins with polyarticular JIA precluded estimation of RR for poly JIA.
Discussion
Although the etiology of JIA is complex, genetic factors have long been implicated in its causation.(1) Besides descriptions of twins (12, 13) and sibling pairs (14) with JIA, there are very few descriptions of extended multiplex families of JIA. The few case-series of twins concordant for JIA indicate a monozygotic twin concordance rate of 25-40%(4,12), which implies a RR of 250-400 for a monozygotic twin of a proband with JIA.(4) A limited number of studies have estimated RR for siblings of JIA probands, ranging from ~15 (1) from the United States, to ~20 in Finland (4) . The denominators in these studies used extrapolated figures, and these studies did not provide confidence intervals or statistical significance levels for the RR estimates.
We have also previously calculated RR for siblings of JIA probands, with an estimated value of 30.(3). However, the confidence intervals of this estimate were wide (7.0 to infinity) reflecting the small sample size of only 8 individuals with JIA among relatives of probands. Furthermore, in our earlier study we stratified relatives by degree of relationship which combines individuals of different generations in a kinclass. This is likely to have biased our estimates since only children seen in the pediatric rheumatology clinics were included in the ISDCRD, and if earlier generations such as parents, aunts or grandparents had JIA, they would not have been included in the database. By using classes of relatives who are all in the same generation such as siblings and cousins, we have minimized this potential bias. Thus we have now provided reliable estimates with robust confidence intervals for the RR of JIA among siblings. We have also shown that first-cousins of probands with JIA also have a significant excessive risk of JIA, (RR = 6). We believe ours is the first description of RR for relatives beyond siblings and twins. Such estimates would be difficult if not impossible to obtain without resources such as the UPDB, making our study unique. The observed decline in the magnitude of risk between siblings and cousins supports the notion that JIA is influenced by at least several shared genetic factors. Our study also provides a population-based estimate of the prevalence of JIA at 1.2/1000 individuals.
The majority of studies investigating genetic factors in JIA have been case-control association studies. This has been due in part to a lack of large extended multiplex families with multiple JIA cases. Besides reports of affected sibling pairs with JIA, there have only been limited descriptions of JIA multiplex families. Earlier, we had described four clusters of 5 cases of JIA each.(3) The UPDB is a dynamic database and receives annual updates of new records. Adding more individuals to a hierarchical database has a multiplicative effect on connections. The present study used twice the number of JIA cases. These factors increased the number of familial links and increased the probability of clustering beyond random associations which allowed to us pick more clusters of interest. Thus our present study expands our earlier findings with the identification of several additional and larger case-clusters of JIA which could aid in the search for genes underlying susceptibility to this condition. The affected relatives in these clusters share common ancestors and in many instances are distantly related.
We also calculated, to our knowledge, the first estimates of PAR for familial factors in JIA. Familial factors account for ~13% of JIA. This is modest compared to 39% in carcinoma of the breast, or 35% in colon carcinoma, and is similar to the PAR of 10% estimated in Mullerian anomalies. (7, 15) We are not aware of PAR estimates for other rheumatic diseases.
While it is possible that there are additional cases of JIA that were not included in our database, we believe our study includes most cases of JIA given that they were seen in the only tertiary pediatric center in the State of Utah. The diagnosis of JIA was made by pediatric rheumatologists who examined these children, thereby assuring the validity of the diagnosis. Our well characterized JIA cohort resembles other published JIA cohorts, suggesting that our results can be generalized to other JIA cohorts.
We acknowledge that our cases come from one hospital system and hence our RR estimates might be inflated by referral bias. However, our PAR calculation is population-based and computes the percent of risk for JIA associated with being a member of an extended family. Also, since we included only JIA cases seen at the Pediatric Rheumatology clinics at the Univeristy of Utah, our observed PAR might be lower than the actual value as some cases with JIA in the population may have sought care at other facilities.
The subtypes of JIA have distinct clinical and genetic associations. However, since clinically distinct autoimmune phenotypes share common susceptibility factors, we treated JIA as a combined phenotype. We did analyze the oligoarticular and polyarticular JIA subtypes separately, and demonstrate that the sibling RR of oligoarticular JIA is also statistically significantly elevated.
Our study provides insight into the familial distribution of JIA based on the analysis of a large number of affected individuals using a unique resource, the Utah Population Database. Comprehensive identification and characterization of JIA within kinships would allow genetic linkage analysis to help identify potentially important genes underlying this common pediatric rheumatic disease. A pedigree showing a family with increased risk of JIA in which there are thirteen descendents with JIA. Circle: female; square: male; black: JIA. The founder of this pedigree is founder 3 in table 1. Table 1 Founders with excessive risk of descendants with JIA Recurrence risk of JIA among siblings and cousins of cases with JIA and matched controls. 
